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(g) Apparatus and method for recording digital data. 

(57) In step S1, the capacity of the area (remaining 
quantity) of a disk in which information can be 
recorded is read, and the remaining quantity is 
displayed in step S2. After a user input the 
recording time of information to be recorded 
and the recording capacity w for the recording, 
an average transmission rate R 1 is calculated 
from expression = w/t - a in step S4. The 
rate a is the transmission rate for transmitting 
signals other than a video signal, such as an 
audio signal, attached to the video signal. Data 
obtained by applying a DCT treatment to the 
video data is quantized with a quantization 
width corresponding to the average transmis- 
sion rate R-, and this data is intermittently recor- 
ded on the disk. 
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The present invention relates to an apparatus and 
a method for recording digital data suitable for use in 
digitally recording for example a video signal in a re- 
cording medium such as a magnetic disk. 

In video tape recorders, there are those having a 
just recording function. When a video signal is record- 
ed using the just recording function, the video signal 
can be recorded in a magnetic tape neither exces- 
sively nor deficiently. 

More specifically, it is assumed for example that 
the first half of a magnetic tape has already been used 
for recording a specific video signal and the remain- 
ing portion of the tape is capable of recording thereon 
a video signal for a period of 50 minutes if the signal 
is recorded in the SP mode as shown in FIG. 18. 
Then, if a movie running 70 minutes is recorded on 
this tape in the SP mode, the movie for 70 minutes 
can be recorded only up to its 50-minute portion and 
the remaining 20-minute portion cannot be recorded. 

On the other hand, if the movie is recorded in the 
LP mode (tripple-piay mode), it becomes possible to 
record the movie for 70 minutes but, in this case, 
there remains some portion of the tape where no vid- 
eo signal is recorded. 

In such case, if the movie is recorded using the 
just recording function, for example its beginning 40- 
minute portion can be recorded in the SP mode and 
the remaining 30-minute portion can be recorded in 
the LP mode. As a result, the video signal can be re- 
corded in the remaining portion of the magnetic tape 
neither excessively nor deficiently. 

In the case of the above described video tape re- 
corder, there arises a problem that, while the begin- 
ning 40-minute portion of the total video signal lasting 
70 minutes can provide good and pleasant picture 
quality because it is recorded in the SP mode, the re- 
maining 30-minute portion is deteriorated in picture 
quality because it is recorded in the LP mode. 

According to the present invention there is pro- 
vided a digital data recording apparatus comprising: 
data compression means for compressing the data 
quantity of digital data obtained by digitizing informa- 
tion to be recorded; compression ratio control means 
for controlling the data compression ratio of said data 
compression means in accordance with the recording 
time of said information to be recorded and the ca- 
pacity of a recording medium in which information can 
be recorded; and recording means for recording digi- 
tal data compressed by said data compression means 
in said recording medium. 

Respective further aspects of the invention are 
set forth in claims 4 and 7. 

Embodiments of the present invention make it 
possible to record a certain length of information in a 
recordable area of a recording medium neither exces- 
sively nor deficiently and with highest possible picture 
quality. 

Digital data recording apparatus according to an 



embodiment of the present invention comprises an in- 
put portion 1 3 for acquiring a capacity of a disk 1 5 as 
a recording medium in which information can be re- 
corded and the length of information to be recorded, 
5 a coder 1 as compression means for compressing 
data obtained by digitizing information to be recorded, 
a compression ratio control circuit 11 as compression 
ratio control means for controlling the data compres- 
sion ratio of the coder 1 in accordance with the output 
10 of the input portion 13, and a buffer 8 as recording 
means for recording the digital data compressed by 
the coder 1 in the disk 15. 

The buffer 8 can be adapted to record digital data 
in a magnetic tape 53 as a recording medium con tin- 
ts uously and at a constant transmission rate. 

A digital data recording method according to an 
embodiment of the present invention comprises the 
steps of acquiring a capacity of a disk 15 as a record- 
ing medium in which information can be recorded and 
20 the length of information to be recorded, compressing 
data obtained by digitizing information to be recorded, 
controlling the compression ratio of data in accor- 
dance with the acquired capacity and length, and re- 
cording the compressed digital data on the disk 15. 
25 The digital data can be recorded in a magnetic 

tape 53 as a recording medium continuously and at a 
constant transmission rate. 

In digital data recording apparatus and recording 
methods embodying the invention, the compression 
30 ratio of data is controlled in accordance with the re- 
cording capacity of the disk 15 or magnetic tape 53 
and the length of information to be recorded. Accord- 
ingly it is made possible to record information with 
highest possible picture quality and neither exces- 
35 sively nor deficiently. 

Embodiments of the invention will now be descri- 
bed, by way of example, with reference to the accom- 
panying drawings in which: 

FIG. 1 is a block diagram showing structure of an 
40 embodiment of a disk recording/reproducing ap- 

paratus with a digital data recording apparatus of 
the present invention applied thereto; 
FIG. 2 is a diagram explanatory of a format of the 
disk 15 in FIG. 1; 
45 FIG. 3 is a flow chart explanatory of operations 

in the average transmission rate calculation cir- 
cuit 12 in FIG. 1: 

FIG. 4 is a diagram explanatory of a state of the 
disk 1 5 in FIG. 1 having programs recorded there- 
50 on; 

FIG. 5 is a diagram explanatory of a state of the 
disk 15 in FIG. 1 having a specific program there- 
on rewritten; 

FIG. 6 is a diagram explanatory of a state of the 
55 disk 15 in FIG. 1 having installments of a serial 

program recorded thereon; 
FIG. 7 is a flow chart explanatory of another ex- 
ample of operations in the average transmission 
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rate calculation circuit 12 in FIG. 1; 
FIG. 8 is a block diagram showing an example of 
structure of the compression ratio control circuit 
11 in FIG. 1; 

FIG. 9 is a diagram explanatory of input/output 
characteristics of the initial value setting circuit 44 
in FIG. 8; 

FIG. 10 is a diagram explanatory of a reference 
quantization table possessed by the quantization 
circuit 4; 

FIG. 11 is a diagram explanatory of input/output 
characteristics of the variance determining circuit 
43 in FIG. 8; 

FIG. 1 2 is a flow chart explanatory of a further ex- 
ample of operations in the average transmission 
rate calculation circuit 12 in FIG. 1; 
FIG. 13 is a timing chart explanatory of write op- 
eration on the disk 15 in FIG. 1; 
FIG. 14 is a diagram explanatory of a signal for- 
mat of the disk 15 in FIG. 1; 
FIG. 15 is a block diagram showing structure of 
an embodiment of a digital video tape recorder 
with the digital data recording apparatus of the 
present invention applied thereto; 
FIG. 16 is a block diagram showing an example 
of structure of the prediction circuital in FIG. 15; 
FIG. 17 is a block diagram showing an example 
of structure of the driving portion 54 in FIG. 15; 
and 

FIG. 18 is a diagram explanatory of the just re- 
cording function. 

FIG. 1 is a block diagram showing structure of an 
embodiment of a disk recording/reproducing appara-, 
tus with the digital data recording apparatus of the 
present invention applied thereto. A motion compen- 
sated interframe prediction circuit 2 in a coder 1 is 
supplied with a video signal. The motion compensat- 
ed interframe prediction circuit 2 performs motion 
compensation for the input video signal and supplies 
a motion vector to a VLC circuit (variable length cod- 
ing circuit) 7 and outputs pixel data to a DCT circuit 
(discrete cosine transform circuit) 3. The DCT circuit 
3 applies a DCT treatment to the input data and out- 
puts the treated data to a quantization circuit 4. The 
quantization circuit 4 quantizes the input data and out- 
puts the quantized data to a VLC circuit 5. The data 
encoded by the VLC circuit 5 to a variable length code 
is supplied to a video multiplex coder 6. The data of 
the motion vector encoded to a variable length code 
by the VLC circuit 7 is also supplied to the video mul- 
tiplex coder 6 and, therein, multiplexed with the pixel 
data component supplied from the VLC circuit 5. 

Data output from the video multiplex coder 6 is 
supplied to a buffer 8 in which a predetermined quan- 
tity of data is stored. Data output from the buffer 8 is 
supplied to a system multiplex coder 9 wherein the 
data is multiplexed with an audio signal and other ad- 
ditional data to be supplied to a record coding circuit 
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10. Therein, the multiplexed data is encoded to a re- 
cord code in a predetermined format to be supplied 
to a disk 15 and recorded thereon. Further, the buffer 
8 supplies the transmission rate R 2 of the data sup- 
5 plied from the video multiplex coder 6 to a compres- 
sion ratio control circuit 11. An average transmission 
rate calculation circuit 12 detects the capacity (re- 
maining quantity of the area in which data can be re- 
corded) of thedisk 15. The average transmission rate 
10 calculation circuit 12 is adapted to be supplied with 
the recording time of information to be recorded in the 
disk 15, the capacity of the area used for recording 
the information therein, and the picture quality (com- 
pression ratio) in the recording of the video signal 
15 from an input portion 13. The average transmission 
rate calculation circuit 12 calculates an average trans- 
mission rate R, from these inputs and supplies it to 
the compression ratio control circuit 11. 

The compression ratio control circuit 11 calcu- 
20 lates the quantization width from the average trans- 
mission rate R, supplied from the average transmis- 
sion rate calculation circuit 12 and the transmission 
rate R 2 supplied from the buffer 8 and outputs the val- 
ue of the quantization width to the quantization circuit 
25 4 and the VLC circuit 5. 

A reproduced signal from the disk 15 is adapted 
to be demodulated by a demodulation circuit 21 and 
supplied to a system multiplex decoder 22. The sys- 
tem multiplex decoder 22 separates the input signal 
30 into a video signal component and an audio signal 
component and outputs the audio signal component 
to a circuit, not shown, and the video signal compo- 
nent to a buffer 23 so as to be stored therein. 

The video signal component read from the buffer 
35 23 is supplied to a video multiplex decoder 25 of a de- 
coder 24 and separated into a pixel data component 
and a motion vector component. The pixel data com- 
ponent is supplied to an inverse VLC circuit 26 to be 
subjected to an inverse VLC treatment and then sup- 
40 plied to an inverse quantization circuit 27. The data 
undergone an inverse quantization treatment in the 
inverse quantization circuit 27 is supplied to an in- 
verse DCT circuit 28 to be subjected to an inverse 
DCT treatment. The output of the inverse DCT circuit 
45 28 is supplied to a motion compensated interframe 
prediction circuit 29. 

To the motion compensated interframe prediction 
circuit 29, the motion vector component subjected to 
an inverse VLC treatment in an inverse VLC circuit 30 
so is also supplied. The motion compensated interframe 
prediction circuit 29, in accordance with the motion 
vector, compensates the pixel data supplied from the 
inverse VLC circuit 28 for motion and supplies the 
data to a circuit, not shown. 
55 FIG. 2 is a diagram showing a format of the disk 

1 5. As shown therein, the TOC (Table of Contents) of 
the disk is recorded in the innermost lead-in area A 
of the disk 15. In a user TOC area B, on the outer side 
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of the lead-in area A, TOC data desired by the user 
is adapted to be recorded according to the need. 

On the outer side of the user TOC area B, there 
is provided a program area C. When for example vid- 
eo signals of a plurality of movies are recorded in the 5 
program area C, the data of the positions of the heads 
of the movies is recorded in the user TOC area B. On 
the outer side of the program area C, there is formed 
a lead-out area D. The areas in which the user can re- 
cord data are the user TOC area B and the program w 
area C. 

Referring to a flow chart of FIG. 3, operation of 
the average transmission rate calculation circuit 12 
will be described below. When the user issues a com- 
mand to start recording by operating the input portion is 
13, the average transmission rate calculation circuit 
12, first in step S1, reads the remaining quantity (re- 
cording capacity) of the disk 15. More specifically, the 
average transmission rate calculation circuit 12 reads 
the total capacity (the capacity of the program area 20 
C) of the disk 15 from the TOC data recorded in the 
lead-in area A. Then, it accesses the user TOC area 
B and calculates, from the TOC data recorded there- 
in, the total quantity of the data already recorded in 
the program area C. Then, it subtracts the data quan- 25 
tity already recorded in the program area C from the 
capacity of the program area C read from the TOC 
data in the lead-in area Aand thereby obtains the re- 
cording capacity (remaining quantity) at that point of 
time. 30 

The remaining quantity thus calculated is dis- 
played on a display portion 14 in step S2. The user is 
enabled to know the recording capacity of the disk 15 
by looking at the display of the remaining quantity. 
Then, in step S3, the user inputs the record capacity 35 
w of the information to be recorded, within the range 
of the remaining quantity displayed on the display 
portion 14, and the recording timet of the information 
by operating the input portion 13. 

Then, in step S4, the average transmission rate 40 
calculation circuit 12 calculates the average transmis- 
sion rate Rj from the following expression: 

R1 = w/t - a 
where a is the transmission rate of the audio data and 
other additional data to be added to the video data in 45 
the system multiplex coder 9. 

In the following step S5, the average transmis- 
sion rate calculation circuit 12 causes the display por- 
tion 1 4 to display the picture quality of the video signal 
when recorded at the average transmission rate R 1 so 
calculated in step S4. For this picture quality display- 
ing, the average transmission rate calculation circuit 
12 calculates a picture from the video data previously 
stored in a memory incorporated therein at the aver- 
age transmission rate R, calculated in step S4 and 55 
displays the picture obtained by the calculation on the 
display portion 14. The user is enabled to evaluate 
the picture which will be obtained when the data is re- 



corded and reproduced with the conditions input in 
step S3. 

Then, in step S6, the user judges, upon looking 
at the picture displayed on the display portion 14 in 
step S5, whether or not the quality of the picture is 
satisfactory. When the quality of the picture dis- 
played on the display portion 14 is not satisfactory, 
the user inputs his disapproval by operating the input 
portion 1 3. Then, the flow returns from step S6 to step 
S3 and, therein, the input process of the record ca- 
pacity w and the recording time t is performed anew. 

When it is decided in step S6 that the quality of 
the picture displayed on the display portion 14 is sat- 
isfactory, the user input his approval by operating the 
input portion 13. At this point of time, the average 
transmission rate calculation circuit 12 brings the 
average transmission rate calculation process to an 
end. 

If the average transmission rate R., is set up in the 
described manner, the recording operation on the 
disk 15 can be performed at the average transmis- 
sion rate as described later. As a result, it becomes 
possible to record for example programs a to g in the 
program area C of a disk 15 as shown in FIG. 4, each 
at a predetermined rate. 

Since the average transmission rates R 1 are dif- 
ferent (they may, of course, be the same) with pro- 
grams, the lengths of the 20-minute program a and 
the 10-minute program b on the disk 1 5 are, as shown 
in FIG. 4, not always proportional to the times of re- 
cording. In the present case, the length of the 10-min- 
ute program b on the disk 15 is greater than the 
length of the 20-minute program a on the disk 15. 
This is because the average transmission rate R n of 
the program a was set to be grater than the average 
transmission rate R : of the program b. 

Since the average transmission rate R 1 can be 
set up for each program, in the case where, for exam- 
ple, programs h to i are already recorded as shown in 
FIG. 5(a), the program k therein can only be rewritten 
to a program m as shown in FIG. 5(b). In this case, 
the length of the program m (25 minutes in this ex- 
ample) needs not necessarily be the same as the 
length of the program k (15 minutes in this example). 
The program m can be recorded neither excessively 
nor deficiently in the area where the program k was 
recorded such that highest possible picture quality is 
obtained. 

Further, as shown in FIG. 6, ail of the installments 
of a serial program can be recorded neither exces- 
sively nor deficiently in one disk 1 5 such that highest 
possible picture quality is obtained. The example 
shown in FIG. 6 is such that eight installments nl to n8 
of a serial program are collectively recorded in one 
disk. 

Although it has been arranged in the case of FIG. 
3 such that the record capacity w and the recording 
time t are input from the input portion 1 3, it can further 
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be arranged such that the recorded picture quality s 
(expressed in terms for example of a predetermined 
transmission rate) can be input. In such case, the 
average transmission rate Ri may for example be cal- 
culated as shown in FIG. 7. 

First, in step S11, the remaining quantity is read 
from the disk 15 and the read quantity is displayed in 
step S12 on the display portion 14. These processes 
are the same as those in steps S1 and S2 in FIG. 3. 

Then, in step S13 t the user inputs the record ca- 
pacity w, recording time t, and the recorded picture 
quality s by operating the input portion 13. In the fol- 
lowing step S14, the average transmission rate calcu- 
lation circuit 12 calculates the maximum recording 
time t™ of the disk 15 at this point of time from the fol- 
lowing expression: 

t m = w/(s + a) 

The calculated maximum recording time tm is dis- 
played on the display portion 14 in step S15. Namely, 
the user is enabled, by inputting the recorded picture 
quality s in step S1 3, to know the maximum recording 
time period during which the video signal can be re- 
corded on the disk 15 with the input recorded picture 
quality. 

Further, in the following step S16, the average 
transmission rate R^ is calculated from the following 
expression: 

R-i = w/t - a 

In the following step S1 7, it is decided whether or 
not the recording is possible with the conditions input 
in step S13. More specifically, when the recording 
time t and the recorded picture quality s are set up, 
the capacity of the disk required for recording the vid- 
eo signal with the conditions of the recording time t 
and the recorded picture quality s becomes t(s + a). 
If this t(s + a) is greater than the record capacity w, 
it is impossible to record the video signal whose re- 
cording time is t in the record capacity w with the con- 
dition of the recorded picture quality being s. Hence, 
in this case, the display portion 14 is caused to dis- 
play that the capacity is insufficient in the following 
step S18. Then, the flow is returned to step S13, 
wherein the user is caused to input data anew. 

Also when the record capacity w is greater than 
the remaining quantity obtained in step S11, there is 
produced a shortage in the recording capacity. Ac- 
cordingly, the average transmission rate calculation 
circuit 12 makes the relative comparison in step S17, 
and when there is a shortage in the capacity, the 
shortage in the capacity is similarly displayed in step 
S18. 

When it is decided in step S17 that there is no 
shortage in the capacity, then in the following step 
S19, it is decided whether or not the recorded picture 
quality s is input. When the recorded picture quality 
s is input, in the following step S20, the recorded pic- 
ture quality s is set up as the average transmission 
rate instead of the result obtained through the cal- 



BNSDOCID: <EP 0584991 A2_L> 



culation performed in step S16. When the recorded 
picture quality s is not input, the process in step S20 
is skipped. Hence, the result obtained by the calcula- 
tion in step S1 6 as it is is used as the average trans- 
5 mission rate 

In the following step S21 , the picture correspond- 
ing to the average transmission rate R<\ set up in step 
S16 or S20 is displayed on the display portion 14. 
When, in the following step S22, the user looks at the 
10 picture and finds it unsatisfactory, the user inputs his 
disapproval by operating the input portion 13. Then, 
the flow returns to step S13, wherein the user inputs 
data anew. When the user is satisfied with the dis- 
played picture quality, he inputs his approval by op- 
ts erating the input portion 13, and thus the process for 
setting up the average transmission rate R^ is ended. 

The compression ratio control circuit 11 is con- 
structed for example as shown in FIG. 8. In this ex- 
ample, the average transmission rate R A output from 
20 the average transmission rate calculation circuit 1 2 is 
supplied to a subtractor 42 and an initial value setting 
circuit 44. Meanwhile, the transmission rate R 2 output 
from the buffer 8 is supplied to an averaging circuit 41 
and a comparison circuit 46. The averaging circuit 41 
25 averages the transmission rate R 2 for the period of a 
reset pulse generated by the average transmission 
rate calculation circuit 12 and outputs the average 
value to the subtractor 42. 

The subtractor 42 subtracts this average value of 
30 the transmission rate R 2 from the average transmis- 
sion rate R^ supplied from the average transmission 
rate calculation circuit 12 and supplies the difference 
to a variance determination circuit 43. The variance 
determination circuit 43 determines a variance corre- 
35 sponding to the input from the subtractor 42 and out- 
puts the variance to a quantization width control cir- 
cuit 45. The quantization width control circuit 45 is 
also supplied with the initial value output from the ini- 
tial value setting circuit 44. 
40 The comparison circuit 46 makes a comparison 

as to whether or not the transmission rate R 2 is great- 
er than the maximum transmission rate determined 
according to the write speed on the disk 15 and out- 
puts the result of comparison to the quantization 
45 width control circuit 45. The quantization width control 
circuit 45 controls the initial value input from the initial 
value setting circuit 44 with the variance supplied 
from the variance determination circuit 43 and out- 
puts the controlled value as the quantization width to 
so the quantization circuit 4 and the VLC circuit 5. 

More specifically, the initial value setting circuit 
44 upon receipt of the average transmission rate R^ 
from the average transmission rate calculation circuit 
12 determines the quantization width corresponding 
55 to the initial value as shown in FIG. 9. The initial value 
is set up in inverse proportion to the average trans- 
mission rate R^ (the smaller the average transmission 
rate R 1f the greater the quantization width becomes; 
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the greater the average transmission rate R 1t the 
smaller the quantization width becomes). This means 
that the picture quality becomes worse the greater 
the quantization width becomes and the picture qual- 
ity becomes better the smaller the quantization width 5 
becomes. 

The quantization width control circuit 45 outputs 
the quantization width corresponding to the initial val- 
ue thus set up by the initial value setting circuit 44 to 
the quantization circuit 4 and the VLC circuit 5. w 

The quantization circuit 4 is supplied with data 
motion-compensated by the motion compensated in- 
terframe prediction circuit 2 and DCT-treated by the 
DCT circuit 3 (DCT coefficient). The quantization cir- 
cuit 4 quantizes the DCT coefficient according to the 15 
values stored in a reference quantization table shown 
in FIG. 10 and the quantization width supplied from 
the compression ratio control circuit 1 1 . The transmis- 
sion rate obtained by the quantization can be ex- 
pressed as: 20 
transmission rate = DCT coefficient/ (value in the 
reference quantization table x quantization width) 

As shown in FIG. 10, the value of the reference 
quantization table corresponding to the pixel at the 
top left-hand corner corresponding to the DC compo- 25 
nent of the DCT coefficient is smallest, while values 
of the AC component are greater the more rightward 
and the more downward they come. Since the DCT 
coefficient of 8 x 8 pixels is divided by the product of 
each corresponding value of the reference quantiza- 30 
tion table and the quantization width, the component 
whose frequency is lower is assigned greater bits and 
the component whose frequency is high is assigned 
smaller bits. 

The data thus quantized by the quantization cir- 35 
cuit4 is input to the VLC circuit 5 and, therein, zigzag 
scanned in units of 8 x 8 pixels and converted to the 
variable length code. This variable length code is sup- 
plied to the video multiplex coder 6. 

The motion vector output from the motion com- 40 
pensated interframe prediction circuit 2 is also con- 
verted to a variable length code by the VLC circuit 7 
and supplied to the video multiplex coder 6. The video 
multiplex coder 6 multiplexes outputs of the VLC cir- 
cuit 5 and the VLC circuit 7 and outputs the multi- 45 
plexed data to the buffer 8. Thus the buffer 8 is sup- 
plied with data quantized with the quantization width 
corresponding to the initial value set up by the initial 
value setting circuit 44. 

At this time, the buffer 8 detects the actual trans- 50 
mission rate R 2 of the data supplied from the video 
multiplex coder 6 and outputs the same to the aver- 
aging circuit 41 and the comparison circuit 46 of the 
compression ratio control circuit 11. The averaging 
circuit 41 averages the transmission rate R 2 for the 55 
period of the reset pulse supplied from the average 
transmission rate calculation circuit 12 and outputs 
the average value to the subtractor 42. The subtracter 
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42 subtracts the average value of the transmission 
rate R 2 supplied from the averaging circuit 41 from the 
average transmission rate R^ supplied from the aver- 
age transmission rate calculation circuit 12 and out- 
puts the difference to the variance determination cir- 
cuit 43. 

The variance determination circuit 43 determines 
the variance of the quantization width corresponding 
to the output of the subtractor 42. For example, since 
the output of the subtractor 42 takes on a negative 
value when the transmission rate R 2 is larger than the 
average transmission rate R 1f the value of the quan- 
tization width is varied in its increasing direction as 
shown in FIG. 11 so that the transmission rate R 2 is 
changed in its decreasing direction. 

The quantization width control circuit 45 changes 
the initial value supplied from the initial value setting 
circuit 44 in accordance with the variance supplied 
from the variance determination circuit 43. The quan- 
tization width thus changed is supplied to the quanti- 
zation circuit 4 and the VLC circuit 5. 

When the period Tfor averaging the transmission 
rate R 2 in the averaging circuit 41 is set to a long time 
(for example to several minutes), it meets the require- 
ments if the average rate of the transmission rate R 2 
nears the average transmission rate R, during that 
period of time T. Hence, in such a case where an im- 
age having a large quantity of information arrives af- 
ter images of small quantities of information have last- 
ed, variable length coding corresponding to the infor- 
mation quantity is performed within the period of time 
T. 

On the contrary, when the period Tfor averaging 
the transmission rate R 2 is shortened, the transmis- 
sion rate R 2 nears the fixed rate of the average trans- 
mission rate R^ irrespective of the information quan- 
tity of the input image. 

The comparison circuit 46, when the transmis- 
sion rate R 2 becomes equal to the maximum trans- 
mission rate corresponding to the write speed on the 
disk 15, outputs its detected signal to the quantization 
width control circuit 45. At this time, the quantization 
width control circuit 45 controls the quantization width 
such that the transmission rate R 2 does not exceed 
the maximum transmission rate. 

Referring now to a flow chart of FIG. 12, a meth- 
od in which the accuracy in the just recording is im- 
proved will be described. In this case, the process 
shown in FIG. 12 is performed at intervals of a pre- 
determined period T1 (for example several minutes) 
by timer interrupt. More specifically, first in step S41, 
the remaining quantity of the disk at this point of time 
is calculated. Then, in the following step S42, it is de- 
cided whether or not the capacity w at this point of 
time has become smaller than a predetermined refer- 
ence value (for example w r ). When the capacity w is 
greater than the reference value (when the capacity 
w is still sufficiently great), then, in the following step 



BNSDOCID: <EP . 0584991 A2J_> 



11 



EP 0 584 991 A2 



12 



S43, the calculation in the average transmission rate 
calculation circuit 12 is performed the same as in the 
above described step S4 in FIG. 3 or step S16 in FIG. 
7 according to the following expression: 
R<i = w/t - a 

On the contrary, when the capacity w has be- 
come equal to or smaller than the reference value w r 
(when the remaining quantity becomes small), then, 
in the following step S44, the average transmission 
rate R, is calculated from 

R 1 = w/t - a - p. 

Namely, the average transmission rate R^ is cal- 
culated in step S44 so as to become smaller than in 
step S43. Thereby, the remaining data can be stored 
in the capacity w more accurately. 

Then, in the following step S45, the period T for 
averaging the transmission rate R 2 in the averaging 
circuit 41 of the compression ratio control circuit 11 is 
made shorter by calculating it in accordance with 
T = T - AT. 

Then, with this and the process in step S44 in co- 
operation, the remaining data can more accurately be 
recorded in the capacity w neither excessively nor de- 
ficiently. 

The data input to the buffer 8 as described above 
are of variable rate, and therefore, the rate changes 
with time. Accordingly, if the data are continuously 
read in a certain fixed rate from the buffer 8 and re- 
corded on a disk 15, there is a possibility that the buf- 
fer 8 overflows or underflows. Hence data are read 
from the buffer 8 intermittently. 

More specifically, the transmission rate R 2 of the 
data supplied from the video multiplex coder 6 to the 
buffer 8 changes at preset timing as shown in FIG. 
13(a). Against this, if the reading of the data from the 
buffer 8 is performed at a constant transmission rate 
but intermittently as shown in FIG. 13(c), the stored 
quantity in the buffer 8 varies with time as shown in 
FIG. 13(b). 

More specifically, during the period Ta, data are 
written in the buffer 8. When the written quantity 
reaches a preset storage quantity M 1( data is started 
to be read from the buffer 8 and written on the disk 
15. To do so, the head (not shown) is moved to a pre- 
determined track position in the period Tb following 
the period Ta, and when the head reaches the prede- 
termined track position, the actual reading of the data 
from the buffer 8 is performed during the period Tc. 

The read data are input to the system multiplex 
coder 9 and multiplexed therein with the audio data 
and other additional data and then supplied to the re- 
cord encoding circuit 10 to be turned into a record 
code. The record code is supplied to the disk 15 and 
recorded thereon. The transmission rate for writing is 
set to be sufficiently higherthan the transmission rate 
R 2 and to be constant (FIG. 13(c)). 

As shown in the period Tc, the stored quantity of 
data in the buffer 8 gradually decreases as the writing 



is continued and finally it becomes zero. At this point 
of time, the reading (writing on the disk 15) is sus- 
pended and the head is brought to a still state. Oper- 
ations similar to the above are repeated thereafter. 

5 In order to enable the head to start writing at a 

specific position, to stay in a standby state at a spe- 
cific position, and start the writing from the specific 
position again, the track on the disk 1 5 is for example 
wobbled or the disk is provided with addresses on the 

10 entire area thereof so that the head can access a spe- 
cif ic write position by detecting the address. 

The maximum storage quantity M 2 of the buffer 
8 is determined such that the buffer 8 will not over- 
flow even if data is written in the buffer 8 at the max- 

15 imum rate during the period, as shown in the period 
Te, from the start of the access when the storage of 
data has reached the quantity Mi where the access 
to the disk is to be started and the finish of it. 

The transmission rate for the writing of data on 

20 the disk is set to such a value that, when data are writ- 
ten on the disk 15 at this transmission rate, the stor- 
age quantity in the buffer 8 will not increase even if 
data are written in the buffer 8 at the maximum trans- 
mission rate R 2 , as shown in the period Tf. 

25 The writing of data on the disk 1 5 is performed in 

units of a packet as shown in FIG. 14. More specifi- 
cally, in this example, a sync is disposed at the head 
of the packet and, next to it, a header indicative of the 
ID of the packet is disposed. Next to it, video data and 

30 audio data are disposed in succession, and finally an 
ECC for error detection and correction is recorded. 
These sync, header, audio data, and ECC are multi- 
plexed with the video data in the system multiplex 
coder 9. 

35 The data recorded in the disk 15 as described 

above are intermittently read and demodulated in the 
demodulation circuit 21 and supplied to the system 
multiplex decoder 22. The system multiplex decoder 
22 separates the audio signal from the input data and 

40 outputs the audio signal to a circuit, not shown. It sup- 
plies the video data to the buffer 23 so as to be stored 
therein. Since the reproduction from the disk 15 is 
also performed intermittently, the buffer 23 is pre- 
vented from overflowing and underflowing. 

45 The data read from the buffer 23 is supplied to 

the video multiplex decoder 25 and separated therein 
into the video data component and the motion vector 
component. The video data component is subjected 
to an inverse VLC treatment in the inverse VLC circuit 

50 26, subjected to an inverse quantization treatment in 
the inverse quantization circuit 27, and further sub- 
jected to an inverse DCT treatment in the inverse DCT 
circuit 28. The inverse-DCT-treated data is supplied 
to the motion compensated interframe prediction cir- 

55 cuit 29. Meanwhile, the motion vector, after being 
subjected to an inverse VLC treatment in the inverse 
VLC circuit 30, is supplied to the motion compensated 
interframe prediction circuit 29. The motion compen- 
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sated interframe prediction circuit 29 compensates 
the data supplied from the inverse DCT circuit 28 for 
motion in accordance with the input motion vector 
and outputs the data to a circuit, not shown. 

FIG. 15 is a block diagram showing an embodi- 
ment of a digital video tape recorder with the digital 
data recording apparatus of the present invention ap- 
plied thereto, in which portions corresponding to 
those in FIG. 1 are denoted by corresponding refer- 
ence numerals. In this embodiment, there is provided 
a prediction circuit 51 and it is adapted such that the 
quantization width is calculated from the output of the 
DCT circuit 3 and the average transmission rate R, 
output from an average transmission rate calculation 
circuit 52 and output to the quantization circuit 4. Fur- 
ther, the average transmission rate calculation circuit 
52 generates a clock and supplies it to the buffer 8, 
the system multiplex coder 9, and the record encod- 
ing circuit 10, and also generates a mode control sig- 
nal and supplies it to a driving portion 54 for driving a 
magnetic tape 53. Structure of other portions is the 
same as that in FIG. 1. 

Although there is shown only a recording system 
in FIG. 15, it is the same as in FIG. 1 that the repro- 
ducing system is structured corresponding to the re- 
cording system. 

The prediction circuit 51 is structured for example 
as shown in FIG. 16. In this embodiment, the predic- 
tion circuit 51 is formed of quantization circuits 61! to 
61 32 having preset different 32 quantization widths 
and receiving the DCT coefficient output from the 
DCT circuit 3, averaging circuits 62^ to 62 32 for aver- 
aging the outputs of the respective quantization cir- 
cuits, and a selection circuit 63 for selecting a value 
being smaller than the average transmission rate R, 
and most close to R^ from the outputs of the averag- 
ing circuits 82, to 62 32 and outputting the quantization 
width corresponding to the selected transmission 
rate. 

Namely, while the quantization width in the quan- 
tization circuit 4 was adapted to be controlled by a 
feedback loop from the buffer 8 in the embodiment of 
FIG. 1 , it is adapted to be controlled by a feed forward 
loop in this embodiment. 

The quantization circuits 6^ to 61 32 quantize the 
DCT coefficient output from the DCT circuit 3 with 
corresponding quantization widths and output trans- 
mission rates R 2 then obtained to the averaging cir- 
cuits 62i to 62 32 corresponding thereto. The averag- 
ing circuits 62! to 62 32 average the transmission rates 
R 2 ' input thereto for a predetermined period and out- 
put the averaged values as transmission rates R 2 to 
the selection circuit 63. 

The selection circuit 63 is supplied with the aver- 
age transmission rate R 1 from the average transmis- 
sion rate calculation circuit 52. The selection circuit 
63, comparing this average transmission rate R^ and 
the transmission rates R 2 output from the averaging 



circuits 62, to 62 32 , selects the transmission rate R 2 
which is smaller than and most close to the average 
transmission rate R 1f and selects the quantization 
width corresponding to the selected transmission 
5 rate R 2 . This quantization width is supplied to the 
quantization circuit 4 and quantization is performed 
therein. 

The thus quantized data are supplied to the buf- 
fer 8 the same as in the above described case and 

10 stored therein. 

Meanwhile, the average transmission rate calcu- 
lation circuit 52, the same as in the examples shown 
in FIG. 3 and FIG. 7, calculates the average transmis- 
sion rate R^ and also generates a clock at a frequency 

is corresponding to the average transmission rate R v It 
outputs this clock to the buffer 8, the system multiplex 
coder 9, and the record encoding circuit 1 0. These cir- 
cuits performs their operations in synchronism with 
this clock. As a result, the data stored in the buffer 8 

20 are read continuously and at a constant transmission 
rate operating at the clock of the constant frequency. 
The read data are multiplexed in the system multiplex 
coder 9 with audio data. ECC data, etc., and recorded 
on the magnetic tape 53 through the record encoding 

25 circuit 10. The format of the signal recorded at this 
time can be arranged in the packet structure as 
shown in FIG. 14 the same as in the embodiment of 
FIG. 1. 

In the case of video tape recorder, when record- 

30 ing and reproduction is performed having the clock 
changed while having the parameters in the record- 
ing and reproducing system (such as the tape speed 
and the drum rotating speed) not changed, it is diffi- 
cult to greatly change the clock frequency because, 

35 then, the recording wavelength correspondingly 
changes. Hence, it becomes necessary to control the 
system so that the track pitch and the recording wa- 
velength are kept constant to a certain degree. There- 
fore, the average transmission rate calculation circuit 

40 52 generates the mode control signal corresponding 
to the average transmission rate R, and supplies it to 
the driving portion 54. 

The driving portion 54 is structured for example 
as shown in FIG. 17. In this example, the reference 

45 clock frequency fe output from a reference clock gen- 
eration circuit 71 is adapted to be changed in accor- 
dance with the mode control signal output from the 
average transmission rate calculation circuit 52. 
The reference clock is supplied to a phase com- 

50 parison circuit 72 to be compared for phase with a sig- 
nal fT, which is obtained by amplifying and wave 
shaping an FG signal output from a drum motor 76 by 
an amplifying and wave shaping circuit 77. The output 
of the phase comparison circuit 72 is supplied to a 

55 mixing circuit 74 through a low-pass f ilter 73. The mix- 
ing circuit 74 is also supplied with a voltage converted 
from the output fTof the amplifying and wave shaping 
circuit 77 by an FV converting circuit 78. The output 

8 



BNSDOCID: <EP 058499 1A2 J _> 



15 



EP 0 584 991 A2 



16 



of the mixing circuit 74 is power-amplified by a power 
amplifier circuit 75 and supplied to the drum motor 76. 

More specifically, the drum motor 76 outputs the 
FG signal corresponding to its rotation. The FG signal 
is both amplified and wave-shaped by the amplifying 
and wave shaping circuit 77 and supplied as the sig- 
nal f T to the phase comparison circuit 72. The phase 
comparison circuit 72 compares the signal f T and the 
reference clock f s output from the reference clock 
generation circuit 71 for phase and outputs a phase 
error signal. The phase error signal is passed through 
the low-pass filter 73 so as to be deprived of unnec- 
essary high-frequency components and supplied to 
the power amplifier circuit 75 through the mixing cir- 
cuit 74. The power amplifying circuit 75 power-ampli- 
fies the input signal and drives the drum motor 76 
therewith. The so-called phase servo is performed 
through the above described loop. 

Meanwhile, the output f T of the amplifying and 
wave shaping circuit 77 is converted by the FV con- 
verting circuit 78 into a voltage corresponding to the 
frequency and supplied to the mixing circuit 74. Also 
this component is supplied from the mixing circuit 74 
to the drum motor 76 through the power amplifier cir- 
cuit 75. Thus, the so-called frequency servo is per- 
formed through this loop. 

When the frequency f s of the reference clock gen- 
erated by the reference clock generating circuit 71 is 
for example multiplied by n, the rotating speed of the 
drum motor 76 is increased n times. 

Although it is not shown in FIG. 1 7, since the cap- 
stan motor is controlled in the same manner, the tape 
speed is increased n times when the frequency f s of 
the reference clock is multiplied by n. 

Thus, the data corresponding to the average 
transmission rate is continuously recorded on the 
magnetic tape 53 at a constant rate. 

In the embodiments of the invention described 
above, since it is arranged such that the ratio of com- 
pression of data is controlled in accordance with the 
capacity of the recording medium in which informa- 
tion can be recorded and the length of information to 
be recorded, the information of that length can be re- 
corded neither excessively nor deficiently on a re- 
cording medium with highest possible quality. 



Claims 

1. A digital data recording apparatus comprising: 

data compression means for compressing 
the data quantity of digital data obtained by digi- 
tizing information to be recorded; 

compression ratio control means for con- 
trolling the data compression ratio of said data 
compression means in accordance with the re- 
cording time of said information to be recorded 
and the capacity of a recording medium in which 



information can be recorded; and 

recording means for recording digital data 
compressed by said data compression means in 
said recording medium. 

5 

2. A digital data recording apparatus according to 
claim 1, wherein said recording means records 
said digital data in said recording medium at a 
constant transmission rate and continuously. 

10 

3. A digital data recording apparatus according to 
claim 1, further comprising average transmission 
rate calculation means for calculating an average 
transmission rate of data to be transmitted to said 

15 recording means in accordance with the record- 

ing time of said information to be recorded and 
the capacity of a recording medium in which in- 
formation can be recorded, wherein the compres- 
sion ratio in said compression ratio control means 

20 is controlled in accordance with said average 

transmission rate. 

4. A digital data recording apparatus comprising: 

average transmission rate calculation 
25 means for calculating an average transmission 

rate of data to be transmitted to recording means 
in accordance with the recording time of informa- 
tion to be recorded and the capacity of a record- 
ing medium in which information can be record- 
30 ed; 

data compression means for compressing 
the data quantity of digital data obtained by quan- 
tizing digital data provided by digitization of said 
information to be recorded; and 

35 compression ratio control means for con- 

trolling the data compression ratio of said data 
compression means by varying the quantization 
width in said data compression means in accor- 
dance with said average transmission rate; and 

40 recording means for recording digital data 

compressed by said data compression means in 
said recording medium. 

5. A digital data recording apparatus according to 
45 claim 4, wherein said data compression means 

includes orthogonal transform means for ortho- 
gonal-transforming digital data provided by digi- 
tization of said information to be recorded; where- 
in said orthogonal-transformed digital data is 
so quantized and the data quantity of the quantized 

digital data is compressed. 

6. A digital data recording apparatus according to 
claim 5, wherein said orthogonal transform is dis- 
ss crete cosine transform. 

7. A digital data recording method comprising the 
steps of: 



BNSDOCID: <EP. 



0584991 A2_l_> 



17 



EP 0 584 991 A2 



compressing the data quantity of digital 
data obtained by digitization of information to be 
recorded; 

controlling the data compression ratio in 
said data compressing step in accordance with 5 
the recording time of said information to be re- 
corded and the capacity of a recording medium 
in which information can be recorded; and 

recording digital data compressed in said 
data compressing step in said recording medium. 10 
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audio signal, attached to the video signal. Data 
obtained by applying a DCT treatment to the 
video data is quantized with a quantization 
width corresponding to the average transmis- 
sion rate R 1 and this data is intermittently recor- 
ded on the disk. 
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